Nine fern plant papers and three higher plant papers were prepared, and the adsorption behavior of heavy metals(Cu, Zn, Pb, and Cd etc), especially lead(II) in water was investigated in detail. It was found that metal accumulation fern plant (Athylium yokoscense) paper and other fern plant papers had generally large capacity of lead(II) adsorption compared with higher plant papers. The results were also applied to the , separation and determination of traces lead(II) in water by means of fern plant papers and atomic absorption spectrometry.
Introduction
The removal of toxic heavy metals from sewage, industrial and mining waste streams by using biomass materials(animal or plant materials) as solid adsorbent has received much attention in recent years. [1] [2] [3] The agricultural by-products such as wool, white of an egg, tree bark, rice straw, onion skin, peanut skins, green tea, and exoskeletons of crabs and lobsters etc. have been used by several workers from the point of view of their low cost and an effective utilization of natural resources.
Athyrium yokoscense(Fr. et Say.) Christ is well known as a widely distributed fern growing on everywhere in Japan aside from alpine and subalpine forest zone. The dense population of the species is an anomalous vegetation always found in the vicinity of all the metal mine in Japan. These pure communities of the fern were found in the areas of heavy metals pollution resulting from lead tiles of the ruins of Kanazawa Castle, [4, 5] and from mine drainage of Kalcehashi River from Ogoya Copper Mine in Ishikawa Prefecture, [6] and from ore deposits of all the metal mine in Japan. [7] The root of Athyrium yokoscense was found to especially accumulate heavy metals such as copper(II), zinc(II), lead(II), and cadmium(II) in high concentration.
In this investigation, the authors have prepared papers from nine fern plants including Athyrium yokoscense collected in Kanazawa Castle, and from three kinds of higher plants, and then have ascertained their adsorption behavior of copper(II), zinc(II), lead(II), and cadmium(II), especially lead(II) in water.
The effect of various factors such as shaking time, pH, and foreign ions etc. on the adsorption of lead(II) with fern plant papers was studied by batch experiments in detail. The separation of traces lead(II) in fresh water with fern plant paper was also ascertained by solid-liquid extraction.
(297) (298) yokoscense (Fig.1) . These results indicate that the adsorption equilibrium of lead(II) with fern plant papers was reached within one minute with ultrasonic shaker.
Therefore, 5 min agitation in this study was enough to adsorb lead(II)with fern plant papers (Fig.2) .
Effect of pH
The effect of pH on the adsorption of copper(II), lead(II), zinc(II), and cadmium(II) with fern plant paper of Athyrium yokoscense is shown in Fig.3 . Similar curves obtained indicate that the selectivity of the fern plant paper is poor, and this paper can not separate heavy metals each other. The pH-adsorption curves with papers made of roots, stems, and leaves of Athyrium yokoscense was very similar except for the amount of heavy metals adsorption. The similarity in these curves may indicate the identity of functional group involved in these papers, and the difference of metal adsorption amount may depend on their amount. It was ascertained that only carboxyl group in hemicellulose along with pectic substances was involved in the paper made of Athyrium yokoscense from the results of IR spectrum and some coloring tests. Ruthenium red dye was used to ascertain pectic substances in papers. Sodium salt of rhodizonic acid was also used for coloring lead(II) adsorbed in all fern plant papers. The coloring site in papers described above was the same position. From these results mentioned above, it is considered that all fern plant papers show the same adsorption behavior except for the amount of lead adsorbed. It was found that carboxyl group of hemicellulose along with pectic substances was also involved in the Japanese paper (Washi) made of higher plants.
Industrial pure cellulose powder did not adsorb any lead(II) in water. From these results, it was found that heavy metals amount adsorbed depends upon the amount of carboxyl group as functional group in plant papers. Then, it can be concluded that the fern plant papers are superior to higher plant papers as an adsorbent of lead(H) in solution. 
